p

F/G 2014

4 SRIC-84/1402 DNA-TR-84-401




- L RN Tt A AR e s Alee B\ Swn Ben s a4 " - - _—
) O A A A S AT e L o o vy -
i e e wm e s . - ATV A L A AR A T AR A A TR it B St e gare 4 L T ™

. > el > 2 2 S

-‘ ; )
b“—hh—.’
. o . e
. -t :
Vv
I._

-

I
\

1

" A

e A y

FE

2.2 )

I 5wy
Iz
="

iz flis e S

e -y
.

o
o

»

FPPPERE
FEERL

err
r
re

;

- —— .

\

LA SRCRCREACRLRES

MICROZOPY RESOLUTION TEST CHART
NAT.ONAL BURE AU OF STANDARDS ~ 963~ °

C T eI o gy e v e

PO

TR
N

LTINS

AL A S LA ALARE

T

e . .
(N Bt ]

- e
)

¢

X |

q

]

/"r.

|

h

-
1@

= * k. I - .
o .
- . TR S . . .
DU L L 2N L. B .
PRV TR PFEFCTEIE Y DLW o . . ., )
auland n " a A . T




r‘-f. EQuCha A Al A Sl Sagt gl i Anth g And g Jendh Sl Jed sl Segh Sl Jed Jaam Sulh Sens et aeedt- i ons 3 TPt - P —— -_—]

1 - B

AD-A160 565 DNA-TR-84-401

DUST INDUCED ELECTRO-MAGNETIC NOISE (DIEMN)

D.P.Bacon

D.P. Cherin

Science Applications International Corporation
P.0. Box 1303

McLean, VA 22101

5 November 1984

Technical Report

CONTRACT No. DNA 001-83-C-0117

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION 1S UNLIMITED.

THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER RDT&E RMSS CODE X326083469 Q93QMXVD00001 H2530D.

DTIC

ELECTE
. 0CT 2419685

8 Prepared for
wl Director
g DEFENSE NUCLEAR AGENCY
L Washington, DC 20305-1000
[ )

........................



R Ead S At S AR i St A e e M S i Pas o

Destroy this report when it is no longer needed. Do not return
to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, DC 20305-1000, IF YOUR
ADDRESS IS INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST,OR IF THE ADDRESSEE
1S NO LONGER EMPLOYED BY YOUR ORGANIZATION.

oNa,

W :

>,~° P

e

M Zianih i s afihs sandh s




.
!
-
h-
: UNCLASSIFIED
L. SECoRT 7 C_ASSFCAT ON OF T § PANE AL-Areo5e8
g
, REPORT DOCUMENTATION PAGE
‘a REPQRY ECLRITY (LASSFCATON ‘b AESTRICT.VE VIARKNGS
UNCLASSIFIED
23 SECLRITY CLASSFICATON AUTHORITY 3 DISTRIBUTION - AVAILABILITY QF 2EPORT
A ) o ) )
T STCiF CATON DOWNGRAD NG SCREUtE _ppro;/gd'[og public release; distribution
H/A since UNCLASSIFIED ¥s uniimted.
4 PERFORMING ORGANIZAT:ON REPORT NUMBER(S) S MONITORING ORGANIZATION REPORT NUMBER(S)
SAI(C-84/1402 DNA-TR-84-401
64 NAME QF TERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF "AONITORING QRGANIZAT'ON
Science Applications {if applicable) Director
International Corporation Defense Nuclear Agency
6c ADDRESS (Gity, State. and 2IP Code) 7b ADDRESS (City, State and Z!P Code)

P.0. Box 1303

McLean, Virginia 22101 Washington, DC 20305-1000

Ba. VAVIE OF FUNDNG . SPONSORING 8b OFFICF SYMBOL 3 PROCLREMENT NSTRUVENT DENT FICAT ON \LABER
ORGANIZATION (If apphicable)
DNA 001-83-C-Q117
8c. ADORESS (City. State and ZIP Code) *0 SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASk LG N T
SLEVIENT NO NO NO ACTESS ON NO
62715H Q93QMXV 0 Db 25091/

T TLE (nclude Security Classitication)

DUST INDUCED ELECTRO-MAGNETIC NUOISE (DIEMN;

r

PERSONAL AYTHOR(S)

D.P. Bacon and D.P. Cherin

‘la TVPE GF REPORT 135 TIME COVERED 'a DATE OF REPOR™ vear Month Day) ['S 2ACi ~0. N~
Technical Re ort :xom _840301 o 841031 841105 24

‘6 SUPPLEMENTA-- NOTATION
This work was sponsored by the Defense Nuclear Agency under RDT&E RMSS code
X326083469 Q930QMXVDO0O00L H25900D.

v COSA™I CODES '8 SUBLECT TERMS (Continue on reverse if necessary and .dentify by block number)
FELD GROUP 5.8 GHOLP Electro-Magnetic Noise
20 14 Communications
20 1 Dust Electrification

'3 ABSTRALT (Continue on reverse (f necessary and .dentify by block number)
A review of the data and theory related to DIEMN has been conducted and a strawman
hypothesis of the phenomenon proposed. This hypothesis has been used to consider the
probable features of DIEMN at the MINOR SCALE high explosive event.

20 DISTRIBUTION - AVAILABILITY OF ABSTRACT 21 ABSTRACT SECLRITY CLASSIF CATION
O unceassieepunumted [ same as apT O orc Jsers UNCLASSIFIED
2a NAME OF RESPONSIBLE INDIVIDUAL 22b TELEP-ONE (Include Area Code) | 22¢ OFF(CE SYMBOL
Betty L. Fox 202-325-7042 DHA/STTI
DD FORM 1473, 84 MaR 83 APR eaition may be used until exraysted SECURITY CLASSIFICATION OF "wiS PAGE
All otrer edit 0ns are Qbsolete _U‘Ni(:LASSIFl[D T

-
"

‘ L ) v
.
.
,
.
.

st

T e e e T e e e e e e e e e
. B et AT et e R A Pt TR A

LRSI Y
L WS WY Y

e e T T e T e T T e . e .
I P SCR TN WIS ISP SP SIS IPJP 0 RPSEIE PRSP IS I SE ST SR IE I AT TR T NS ATRPNN

R - DRI )
Bt alal oteSatatatatal




v
.

NSRS
et » - .
oS [ P AR

v

‘e .'~ RO

SUMMARY

AAARM S AR A fen dua S d S5 SN i ad nae]

We have taken a quick look at the diata aund theory related to DIEMN and

constructed a strawman hypothesis fcr the phenomenon,

By no means do we feel that

the phenomenon is understood or necessarily poses a serious threat to fielded systems;

we do feel,

meaningful experiments and data analysis to resolve these issues.
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SECTION I
INTRODUCTION

In 1976, a high explosive event took place. The event was DICE THROW, a 600T

ANFO* surface burst. The charge was in the form of a cylinder capped with a

hemisphere. The detonation produced a large, dense dust cloud. At the event, Bill

Graham of TRW tape-recorded the noise received by a portable AM radio tuned

g between stations. This tape, along with observations of lightning at the volcanic
eruptions of Surtsey (1963), Heimay (1973), ard Mt. St. Helens (1980), raised the

- concern of trans- and post-nuclear attack, dust-cloud induced communications inter-

.

- ference.

k In an attempt to gather more information on the generation of this suspected

Dust Induced Electro-Magnetic Noise (DIEMN), a team from SAIC went to the 1983
DIRECT COURSE event. This team made measurements in five frequency bands
(10-600kHz, 2.3-2.9MHz, 15.0-15.6MHz, 50.0-50.6MHz, 220.0-220.6MHz) beating the

higher frequency bands down to 10-600kHz and recording the resulting analog signal

with an EMI 600kHz bandwidth tape recorder. The intent was to measure the DIEMN
in the bands of interest to BMD/BMO and to quantify the level of the noise. The result

Ppp—
¢ . .l et . ',

of the measurements, and complementary electrostatic measurements, was to raise

more questions than answers.

In this report, we present the global physics issues involved in the DIEMN
process. We begin by stating in extremely abbreviated form the available data

relating to DIEMN, discuss the physical processes which must occur, relate the

2xperimental data to our understanding of DIEMN, and conclude with recommenda-

tions for future work.

*Ammonium Nitrate (94%) and Fuel Oil (6%)
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SECTION 11
DIEMN-DATA IN BRIEF

The data base on DIEMN is sparse: the Bill Graham DICE THROW tape;
electrostatic field-change measurements of lightning produced at the volcanic erup-
tions of Surtseyl, Heimayz, and Mt. St. Helens> and the observation of lightning

discharges at these same eruptions; and electrostaticl"5

and electromagr.etic measure-
ments made at DIRECT COURSE. An attempt ‘o locate data from above-ground
nuclear weapons tests that might be relevant to DIEMN is discussed in a companion
report and will not be included here except to state that no hard evidence of DIEMN

was found in the Weapons Test reports examined.

The DICE THROW tape made by Bill Graham was made some~here in the AM
broadcast band (500-1600kHz) with a limited bandwidth (~]0kHz). This tape has

"clicks" and "pops" for a time period of roughly five to ten seconds post-detonation.

During the volcanic eruptions of Surtsey in February 1964, considerable displays
of lightning were seen. These lightning discharges started approximately 10 seconds
after the start of each new eruption sequence. Measurements of the quasi-static
electric field indicate that the clouds formed by the eruption were positively charged
(as opposed to normal thunderclouds which tend to be negatively charged) and had a

charge density of approximately 10-100 C/km3,

The lightning associated with the eruption of Mt. St. Helens was reportedly
spectacular in size and frequency of bolts. A compendium of eyewitness accounts3
repcrts: "To some the lightning appeared to be mostly from cloud to cloud (8SE).
[Note: numbers in parentheses are the approximate distance in km from the mountain
in the cardinal direction given.] A heavy concentration of vertical lightning at
altitudes of 25,000-30,000 ft was entirely within the vertical eruption column (40W).
Others noted many cloud-to-ground strikes (9W, 15E), some of which started forest
fires (12Wb) and one of which struck an individual (20N). Beneath any part of the
eruptive cloud, radios became useless because of static (8SE, 12Wa, 27N). On Mount

Adams, climbers noted that the air became electrically charged as the ash cloud
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moved overhead, and one climber received an electrical discharge upon raising his ice
axe (50Ea)."

At DIRECT COURSE, electrostatic measurements were made by two groups
(Naval Research Laboratory and New Mexico Institute of Mining and Technology) and
electromagnetic measurements by one group (SAIC). The electrostatic measurements
show a prompt positive charge followed quickly by a negative charge. The electro-
magnetic measurements of the SAIC team indicated that the "noise" in some of the
frequency bands persisted for roughly a minute. Given the lack of knowledge of
scaling relationships for this phenomena with yield, the fact that measurable charge
exists as well as detectable RF "noise" is cause enough to explore the processes

involved in dust charging in an attempt to put the observations in perspective.
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SECTION Il
BASIC THEORY

In order to produce RF noise, some form of electrical discharge is required. This
implies that bulk charge has separated which in turn implies charging and charge
accumulation processes exist. We propose to consider these issues sequentially from

charge generation to discharge and RF radiation.

Charging Phenomena. The first process to be understood is the generation of net

charge. The importance of the word "net" here must be stressed; individual pairs of
oppositely charged particles exchanging charge to form neutrals can not produce
substantial RF power. We see, therefore, that it is not enough to find a mechanism
which produces charge exchange between interacting particles, but the mechanism
must have a built in assymmetry which allows the interacting particles to separate in a
preferential manner according to the sign of their charge. This is also the case in

thunderstorms.

While the charge generation mechanisms in thunderstorms are not totally
understood, they are generally separated .nto two classes: inductive and non-
inductive. Inductive charging relies on the conductivity and polarizability of water
and the presence of ambient clectric fields to produce a top/bottom charge separation
in a large droplet which becomes a free charge separation if many small droplets are
continually shed from the top of the large drop. Because of the different slip
velocities of the different sizes, the positive and negative drops will separate. Non-
inductive charging does not require an ambient electric field, rather it depends on the
presence of different materials with different surface energies or work functions. If
these conditions exist, ther collisions between particles of different materials will
leave the materials preferentially charged. If, in addition, the materials have
different sizes, then their differing slip velocities will lead to a gross charge

separation.

Charge Separation. As mentioned above, in order to understand DIEMN, it is not

sufficient to produce charged particles, but it is also necessary to have a mechanism
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for gross charge separation and charge accumulation. The simplest mechanism for
charge separation is gravitation coupled with drag. The terminal velocity of a
50 micron diameter particle is of the order of 0.lm/s; that of a 500 rnicron diaimmeter
particle, 2.4m/s. Thus if a cloud consist of a mixture of particles with a size
distribution having humps centered at 50 and 500 microns, the differently sized
particles will separate with a relative velocity of about 2m/s. Given that an
electromagnetic signal was received in the 50 MHz band (which implies a discharge

length of the order of 6 m) this separation velocity does not seem out of line.

To form this type of size distribution in the early time (T <2min) DIRECT
COURSE dust cloud, it is necessary to suppose that the surface is composed of two
materials with different fracture properties. However, if this assumption is made, it
is relatively easy 1o also assume different surface energies for the materials and the

charging mechanism follows directly from the argument in the previous section.

Discharge. The electric fields produced by the separated charge are the source
of energy for DIEMN. The dust cloud represents a leaky capacitor (ionic atmospheric
conductivity provides the leakage path). If the field surpasses the breakdown strength
of the dielectric (in this case the dusty air), then a discharge can occur. This
breakdown field varies from roughly 3MV/m for clean dry air at full atmospheric
pressure (760 torr) to 30KV/m for air at [ torr. It (s important to understand that
these breakdown strengths represent the macroscopic fields in the gap between the
clean parallel plates in which these measurements were made; the breakdown field in
dusty air is expected to be lower due to the field enhancement caused by the sharp

dielectric points present.

The above presents the basic theoretical concepts necessary for the under-
standing of DIEMN. We do not intend to continue this theory discussion further here,
rather we will jump to the data taken at DIRECT COURSE and quantify the theory at

the same time.
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SECTION IV
DIRECT COURSE

As part of our attempt to understand the DIEMN process, we took an in-depth
h look at the electrostatic field measurements taken at DIRECT COURSE by both the
: Naval Research Laboratoryu and the New Mexico Institute of Mining and Technology.5
1 The NRL system had a frequency response of 2 Hz while the NM Tech system had a
s response (unintegrated) of 300 kHz. The NRL probe measured the potential at 1.2 m
h above the surface and inferred an average EZ; this is not an easy probe to calibrate
- due to non-linear ground plane effects. In addition, the metal rod antenna had a large
t’_i cross-section (~40 cm?) which could be impacted by charged particles and thereby
‘ induce an unwanted signal. The NM Tech probes were buried and shielded somewhat

but had a larger exposed sensor area (~225 cmz). Also, the probe was based on the

detection of fringing field inside an open box with a normal electric field applied to

the open face; this is also a very difficult probe geometry to calibrate.

The calibration factor for the NRL probe was ~1kV/V and it therefore
saturated at a field of ~10 kV/m; the NM Tech probe had a calibration factor of
~ 300 ka'l/V and a saturation value of 56.3 kV/m. In addition, the NM Tech crew
ascertained that 0.6 nC (#x109e) incident on the sensor will by itself saturate the
detector. The MRL team did not determine the equivalent sensitivity for their

detector.

Figure | gives a crude indication of the test site and the lucations of the dusty
radial and the NRL and NM Tech detector locations.
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Figure 1. Location of NRL (*) and NM tech (e) sensors.

The maximum recorded field strength for each team was 1700 V/m (T + 72 sec,
1225 m from GZ) by NRL and a saturation field of 56300 V/m (T + 4 sec, 120 m from
GZ) by NM Tech. (All numbers quoted are approximate). In order to get a little better
feel for the (lack of) correlation between the two data sets, it is instructive to look at
the NRL data for a station 2285 m from GZ and the NM Tech data at 1975 m. The
NRL measurement peaks at T + 53 sec at a value of 350 V/m; the NM Tech peak

Ty A o an 2 ba s o >y
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occurs at T + 5 sec with a value of 12000 V/m. Obviously, based on these last results,

the data of the two groups do not correlate at all.

The NM Tech researchers realized the lack of correlation in their own data at
different stations and reported such at the January, 1984 DIRECT COURSE workshop
held at NRL: "There is little correlation between the electric field disturbances
observed at adjacent sites (which indicates that the charges affecting each sensor
were close to it)." This explanation applies only to data taken post-shock; pre-shock,
no local disturbances (and hence local charge separation) can take place. Therefore,

the early time (pre-shock) NRL data should not be affected by local changes.

Figure 2 shows the NRL pre-shock data. The peak occures at approximately T +

0.6 seconds; at this time the shock radius is 375 m and the closest data station is

1225 m. Since the spatial dependence of a dipele is R and that of a quadrupole is

-5
R

nearest recording station and we should be able to consider the problem to be that of a

, the quadropole moment effect should be an order of magnitude less at the

dipole.
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Figure 2. NRL pre-shock data {arrows denote shock arrival).

Given a charge Q a distance d above conducting plane, the vertical electric field

at *he conducting plane is given by

E 20d

( 2 d2)32 (1

Two measurements of the field suffice to determine Q and d. The NRL data at

T + 0.6 sec is:

Data Point r(m) E (V/m)
Data Point rim) EV/m)
1 1225 26.2
2 1875 8.0
3 2285 6.6

The following pairs result in the given values of dipole charge and height:

Data Pair Q(mC) d(m)
1-2 8 405
1-3 6 980
2-3 6 2945

Thus we see that the dipole height (which must be less than the tower height - 50 m -
plus the shock radius - 375 m - or 425 m) varies from the physical to the grossly
unphysical, calling the data and its interpretation into question. What is the
mechanism for producing these charges and fields in only 0.6 sec? Part of the problem
may be that the NRL probes had a frequency response of 2Hz; nevertheless, serious

questions are raised.
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This electrostatic data represents the problem we face throughout the analysis
of DIEMN--the data is tantalizing in the sense that it exists, but upon closer inspection
lacks high confidence. The electromagnetic data suffers the same fate. Figure 3
shows the relative magnitude ¢{ the DIEMN signal above background in a 10 kHz
bandwidth. Two things must be noted: 1) the data is ambiguous and 2) there are only
10 (non-prompt) events ohbserved. The ambiguity means that no single event may be
relied upon absolutely; the total of 10 events is too few for statistical analysis. In
addition, the small number of events introduces the issue of the causal relationship
between the DIRECT COURSE event and the measurements; specifically would the
noise observed have been there even without the shot. This last issue cannot be

ignored since virtually no pre-shot data was recorded.

dB
{(ABOVE AMBIENT
NOISE)

(10 kHz bw)

Figure 3. SAIC prompt and delayed noise data.
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SECTION V
RECOMMENDATIONS FOR FUTURE WORK

The issue of DIEMN contains numerous open issues. The charge prcduction
mechanism has not been positively identified, nor the separation process. The
breakdown strength of dusty air is unknown and the basic breakdown process is still
open for questions. The amount of charge created and the conversion efficiency into

RF radiation in the frequency bands of interest is unknown.

The only way for progress to be made in this effort is to form an hypothesis. A
working hypothesis can be used to make predictions which can be subjected to
experimental verification. Without some starting point, the number of questions

becomes insurmountable.

To allow us to formulate a working hypothesis we begin by listing what we feel
we know with some confidence: 1) there are free charges (as seen by both NRL and NM
Tech) and 2) there are discharges (as indicated by the DICE THROW, Mt. 5t. Helens,
and DIRECT COURSE observations). Based on this information, we consider it valid to
propose a strawman hypothesis for DIEMN.

The hypothesis consists of a charging mechanism based on contact electrification
between two different component materials of the dust which have different size

distributions and which therefore separate due to their different slip velocities. This

is a hydrodynamically driven process and therefore, if we assume that we are far from
saturating the charge on the dielectric, the charging process must scale by (Yield)l/B.
The discharge, on the other hand, is governed by the properties of the dusty air (e.g.,
breakdown strength, conductivity) which should be relatively insensitive to yield; thus
an increase in free charge should result in more discharges, not longer discharges. The
result is that the amplitude of the noise signal is unlikely to increase much with yield,

however the duration of the noise will increase.

To investigate this strawman hypothesis, we recommend that: (1) A repeat of
the DIRECT COURSE electromagnetic measurrments be made at MINOR SCALE to

12




investigate the yield dependence on the amplitude and duration of the noise; and
(2) that a laboratory experiment be conducted to determine the breakdown character-
istics of dusty air. We do not believe that a repeat of the electrostatic measurements
is warranted due to the problems of calibration and contamination of the signal by

charged particles striking the detectors.

13
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O ATTN: BMDSC-AOLIB US Army white Sands Missile Range
..-: ATTN: BMDSC-LEE, R. Webb ATTN: STEWS-TE-N, K. Cummings
N
US Army Comm, Elect Command USA Missile Command
ATTN: DRCPM-ATC ATTN: Documents Section
-~ ATTN: DRDCO-StI ATTN: DRCPM-PE-EA, W. Wagner
_\: ATTN: DRCPM-PE-EG, W. Johnson
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DEPARTMENT OF THE NAVY

Naval Air Systems Command
ATTN: AIR 350F

Naval Electronic Systems Command
ATTN: PME 117-21

Naval Ocean Systems Center
ATTN: Code 08, J. Rockway
ATTN: Code 54, C. Fletcher

Naval Orcrance Station
ATTN: Standardization Division

Naval Postgraduate School
ATTN: Code 1424 Library

Naval Rasearch Laboratory
ATTN: Code 1434, E. Brancato
ATTN: Code 2627, D Folen
ATTN: Code 4700, W. Ali

ATIN: Code 4701, I. Vitokovitsky
ATTN: Code 4760, R. Grieg
ATTN: Code 6623, R. Statler

ATTN: Code 6624

Naval Surface Weapons Center
ATTN: Code T30
ATTN: Code F32, E. Rathbun

Naval Surface Weapons Center
ATTN: Code F-56

Naval Weapons Center
ATTN: Code 343, FKABA2, Tech Svcs

Naval Weapons Evaluation Facility
ATTN: Code AT-6

0ffice of Naval Research
ATTN: Code 427

Strategic Systems Project Office
ATTN: NSP-2301, M. Meserole
ATTN: NSP-2342, R. Coleman
ATTN: NSP-2701
ATTN:  NSP-27334
ATTN: NSP-43, Tech Library

DEPARTMENT OF THE AIR FORCE

Aeronautical Systems Division
ATTN: ASD/ENSSA
ATTN: ASD/YYEF

Avr Force Aeronautical Sys Div
ATTN: ASD/ENACE, J. Corbin

Air Force Institute of Technology
ATTN: ENA, G. Baker, D 587

Air Force Weapons Laboratory
ATTN: NT
ATTN: NTN
ATTN: NTYC, M. Schneider
ATTN: NTYEE, C. Baum
ATTN: NTYEP, W. Page
ATTN: SUL

Air University Library
ATTN: AUL-LSE

DEPARTMENT OF THE ALR FORCL (Continued)

Air Logistics Command
ATTN: OO0-ALC/MMEDO, L. kidman
ATTN: O00-ALC/MMLTH, P. Bertnel

Ballistic Missile Office/DAA
ATTN:  ENSN
ATTN: ENSN, W. Clark
ATTN: ENSN, W. Wilson
ATTN: M. Stapanian

Electronic Systems Division
ATTN:  SCS-1E

Foreign Technology Division
ATTN: NIIS Library
ATTN: TQTD, B. Ballard

Rome Air Development Center
ATTN: TSLO

Sacramento Air Logistics Center
ATTN: MMCREB, F. Schrader
ATIN: MMIRA, J. Uemes
ATTN: MMSREM, F. Spear

Space Division

ATTN: IND
Strategic Air Command

ATIN: DEMUE

ATTN: INAC

ATTN: NKI/STINFQ

ATTN: XPFS

ATTN:  XPQ

DEPARTMENT OF ENERGY

Department of Energy
Albuguerque Qperations Office
ATTN: CTID
ATTN: WSSB

Emergency Electric Power Adm
US Department of Energy
ATTN: L. O'Neill

OTHER GOVERNMENT AGENCIES

Central Intelligence Agency
ATTN: QSWR/NED

Department of Transportation
Federal Aviation Administration
ATTN: SEC DIV ASE-300

Federal Emergency Management Agency
ATTN: OPIR, M. Murtha
ATTN: SL-EM, J. Hain

NORAD
ATTN:  NORAD/J5YX

DEFARTMENT OF ENERGY CUNTRACTORS

Sandia National Laboratories
ATTN: M. Morris
AT:*: Org 1231, C. Vittitoe
ATTN: Org 2322, E. Hartman
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DEPARTMENT OF ENERGY CONTRACTORS {Continued)

University of California

Lawrence Livermore National Lab
ATTN: L-10, H. Kruyer
ATTN: L-13, D. Meeker
ATTN:  L-153, E. Miller
ATTN: L-1i56, H. Cabayan
ATTN: L-97, T. Dorich
ATIN: Tech Info Dept Library

Los Alamos National Laboratory
ATTN: B. Noel
ATTN: MS670, J. Malik

DEPARTMENT QF DEFENSE CONTRACTORS

Aerospace C p
ATT? 1. Garfunkel
ATTM '. Reinheimer
ATTN. Library

Agbabian Asscciates
ATTN: Library

Allied Corp
ATTN: Dept 6401

Allied Corp
ATTN: M. Frank

Analytical Systems tngineering Corp
ATTN: M. Nucefora

AVCO Systems Divisior
ATTN: Library A830

Battelle Memorial Institute
ATTN: E. Leach

B8DM Corp
ATTN: Corporate Library
ATTN: S. Clark
ATTN: W. Sweeney

BOM Corp
ATTN: Library

Boeing Co
ATTN: D. Kemle
ATTN: H. Wicklein
ATTN: J. Dicome, Org 2-3744 M/S 47-36
ATTN: Kent Tech Library

Boeing Military Airplane Co
ATTN: C. Sutter

Booz-Allen & Hamilton, Inc
ATTN: R. Chrisner
ATTN: Tech Library

Calspan Corp
ATTN: R. Thompson

Calspan Corp
ATTN: Library

Charles Stark Draper Lab, Inc
ATTN: K. Fertig
ATTN: TIC MS 74
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Cincinnati Electronics Corp
ATTN: L. Hammond

Computer Sciences Corp
ATTN: A. Schiff

Dikewood Corp
ATTN: Tech Lib for C. Jones
ATTN: Tech Lib for D. Pirio
ATTN: Tech Library

Dikewgod Lorp
ATTN: K. Lee

E-Systems Inc
ATTN: J. Moore

taton Corp
ATTN: E. Karpen

EG&G Wash Analytical Sves Ctr, Inc
ATTN: C. Giles

Electro-Magnetic Applications, Inc
ATTN: D. Merewether

Ford Aerospace & Communications Corp
ATTN: H. Linder

General Dynamics Corp
ATTN: Research Library

General Dynamics Corp
ATTN: Research Litrary

General Electric Co
ATTN: D. Nepveux
ATTN: J. Peden

General Electric Co
ATTN: C. Hewison

General Electric Co
ATTN: Tech Library

General Research Corp
3 cy ATTIN: Tech Info Office

Georgia Institute of Technology
ATTN: Res & Sec Coord for H. Denny

Grumman Aerospace Corp
ATTN: L-01 35

GTE Communications Products Corp
ATTN: A. Novenski

ATTN: A. Murphy
ATTN: D. Flood
ATTN: J. Waldron
ATTN: M. Snow

GTE Government Systems Corp
ATTN: L. Lesinski

Harris Corp
ATTN: V Pres & Mgr Prgms Div
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DEPARTMENT OF DEFENSE CONTRACTURS (Continued)

Hazeltine Corp
ATTN:  J. Okrent

Honeywell, Inc
ATTN: R. Johnson
ATTN: S&RC Library

Honeywell, Inc
ATTN: S, Graff
ATTN: W. Stewart

Horizons Technology, Inc
ATTN: R. Kruger

Hughes Aircraft Co
ATTN: CTDC 6/E110
ATTN: K. Walker

Hughes Aircraft Inti Svc Co
ATTN: A. Narevsky, $32/C332

11T Research Institute
ATTN: ACOAT

11T Research Institute
ATTN: 1. Mindel
ATTN: J. Bridges

Institute for Defense Analyses
ATTN: Tech Info Services

[RT Corp
ATTN: B. Williams
ATTN: N. Rudie
IRT Corp

ATTN: J. Klebers

JAYCOR
ATTN: D. Higgins

JAYCOR
ATTN: E. Wenaas
ATTN: R. Stahl

JAYCOR
ATTN: Library

Kaman Sciences Corp
TTN: A. Bridges
ATTN: F. Shelton
ATTN: N. Beauchamp
ATTN: W. Rich

Kaman Sciences Corp
ATTN: E. Conrad

Kaman Tempo
ATTN: DASIAC
ATTN: R. Rutherford
ATTN: W. Hobbs, Jr
ATTN: W. McNamara

Kaman Tempo
ATTN: DASIAC

Litton Systems, Inc
ATTN: MS 64-61, E. Eustis

DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Litton Systems, Inc
ATTN:  J. Skaggs

Lockheed Missiles & Space Co, Inc
ATTIN: Tech Info Center

Lockheed Missiles & Space Co, Inc

: B. Kimura
ATTN: D. Nishida, Dept &5-76
ATTN: H. Thayn
ATTN: L. Rossi
ATTN: S. Taimuty, Dept 81-74/154

Lutech, Inc
ATTN: F. Tesche

Martin Marietta Corp
ATTN: J. Casalese
2 cy ATIN: M. Griffith

McDonnell Douglas Corp
ATTN: T. Ender, 33/6/618

McDonnell Douglas Corp
ATTN: S. Schneider

McDonrell Douglas Corp
ATTN: M. Potter
ATTN: R. Twomey, MS/36-43

Mission Research Corp
ATTN: EMP Group
ATTN: J. Gilbert
ATTN: W. Crevier
2 cy ATTN: C. Longmire

Mission Research Corp
ATTN: A. Chodorow
ATTN: D. Gardner
ATTN: M. Scales

Mission Research Corp
ATTN: J. Lubell

ATTN: R. Curry
ATTN: W. Stark
ATTN: W. Ware

Mission Research Corp, San Diego
ATTN: J. Erler
ATTN: V. van Lint

Mitre Corp
ATTN: M. fitzgerald

Norden Systems, Inc
ATTN: Tech Library

Northrop Corp
ATTN: RAD Effects Grp

Pacific-Sierra Research Corp
ATTN: K. Brode, Chairman SAGE
ATTN: L. Schiessinger

Physics Internaticnal Co
ATTN: Document Control
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DEPARTMENT OF DEFENSE CONTRACTORS {Continued)

R&D Associates
ATTN: C. Knowles

ATTN: C. Mo
ATTN: Document Control
ATTN: M. Grover
ATTN: P. Haas
ATTN: W. Graham
ATTN: W. Karzas
Rand Corp

ATTN: B. 3ennett

Raytheon Co
ATTN: G. Joshi

Raytheon Co
ATTN: H. Flescher

RCA Corp
ATTN: G. Brucker

Rockwell International Corp
ATTN: 0/243-068, 031-CA31
ATTN: J. Erb
ATTN: V. Michel

Rockwell International Corp
ATTN: B. White

Rockwell International Corp
ATTN: F. Shaw

Rockwell International Corp
ATTN: B-1 DIV TIC, BAOB

S-CUBED
ATTN: A. Wilson

Sanders Associates, Inc
ATTN: R. Despathy

Science Applications Intl Corp
ATTN: W. Chadsey

2 ¢y ATTN: D. Bacon

2 cy ATTN: D. Chernin

DEPARTMENT OF DEFENSE CONTRACTORS {Continued)

Science & Engrg Associites, Inc
ATTN: V. Jones

Singer Co
ATTN: Tech Info Certer

Sperry Corp
ATTN: M. Cort

Sperry Corp
ATTN: Tech Library

Sperry Corp
ATTN: D. Schow

SRI International
ATTN: A. Whitson
ATTN: E. Vance

Teledyne Brown Engineering
ATTN: F. Leopard
ATTN: J. Whitt

Texas Instruments, Inc
ATTN: D. Manus
ATTN: Tech Library

Transients Limited Corp
ATTN: D. Clark

TRW Electronics & Defense Sector
ATTN: H. Holloway

ATTIN: L. Magnolia
ATTN: 0. Adams

ATTN: R. Plebuch
ATTN: W. Gargaro

TRW Electroncis & Defense Sector
ATTN: R. Kitter

United Technologies Corp
ATTN: Chief Elec Design
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